A number of silicon antimonate composite extractants have been synthesized by hydrolysis and polycondensation of antimony pentachloride and tetraethoxysilane. The physical as well as chemical properties of the composite extractants show changes with variation in the amount of antimony in the composites. The significant feature of this work is that, for the first time, extractants having a wide and continuous range of Si/Sb molar ratio i.e. 0.18 to 2.72, have been synthesized and their physical and chemical properties,studied. This work provides a guideline for synthesis of composite extractants, with tailored distribution coefficient for alkali metal ions at a particular flow rate for their use in column operation. It was found that the amount of the uptake of each of the alkali metal ion in the same chemical environment is directly proportional to the amount of antimony in the composite irrespective of the diversity in nature of the alkali metal ions. The selectivity sequences of the alkali metal ions for all the seven composites were found to be K
Introduction
Inorganic sorbents due to their specific properties such as resistance to radiation and chemical attack, and high adsorption selectivity have found wide spread application for treatment of natural water, industrial waste water, collection and pre-concentration of radionuclides and heavy metals present in radioactive waste (l~">> . Radioactive waste, for example, can contain not only radionuclides, but environmentally benign ions such as sodium, potassium, and calcium in higher concentrations <4) .
Studies on adsorption behavior of the hydroxides and hydrous oxides of polyvalent metal ions indicated that so called antimonic acid acts as an excellent cation exchange material (5 ' \ Antimony hydroxide also called hydrated antimony (V) oxide Sb 2 0 5 .n H 2 0 can have varying compositions with η varying from 0.5 up to 6 ( . A number of authors <8 " n) investigated the correlation between the crystal structure of the precipitated antimony hydroxide, also called HAP and its ion exchange characteristics for monovalent ions such as Na + ,K + , Cs + , Tf etc. while some others (l2) used HAP to remove " 4 Na in neutron activation analysis.
Generally, some of the drawbacks of these sorbents that make them unsuitable for column applications are: nonspherical particles shape and low granular strength. The above mentioned shortcomings can be overcome either by depositing the active component on some "supporting" materials used or using a binding material with an active component (composite) to facilitate larger particle size preparation and impart a higher granular strength to the extractant. Both organic and inorganic materials have been used as a supporting as well as binding materials. Some of the material used are organic polymer shaped as beads (4 ' 7) , asbestos, charcoal (8 ' 9> , clay minerals, alumina (l) , cement <10) , alumina and silica gel. 1 "
In this paper we describe the synthesis and characterization of sorbents having antimony as an active component and tetraethoxysilane (TEOS) as a binding material. The active component i.e. antimony retained its affinity for various ions such as Na + , Li + , and Cs , etc., while the inert component i.e tetraethoxy silane provided the granular strength. The coupling of these properties have been studied in order to reach a guideline for synthesis of composites with a specific capacity and an acceptable granular strength to facilitate not only easy handling of the material, but also reasonable flow characteristics.
Experimental

Materials and methods
The tetraethoxysilane (assay > 98%, GC) and antimony pentachloride used were supplied by Fluka Chemika Ltd. and Yotsuhata Chem. Co. Ltd. (Japan) respectively. Analytical grade hydrochloric acid (30%) was purchased from Riedel-de Häen (Germany). Potassium hydroxide (extra pure) was supplied by Merck Ltd. Lithium acetate (dihydrate), was supplied by Leverton Clarke Ltd., sodium hydroxide by BDH chemica Ltd, cesium chloride by Fluka chemika Ltd.
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The basic synthesis process used for the preparation of the extractants is based on hydrolysis and polycondensation of antimony pentachloride and TEOS. The hydrolysis of the two compounds was carried out separately on stoichiometric basis. Different proportions of these solutions were allowed to react through condensation reaction to form various sorbents. These sorbents were characterized to find out the Si/Sb molar ratio and their uptake properties for alkali metals in order to reach a guideline for synthesis of composite extractants having specific capacity for alkali metal ions and acceptable flow properties so that these extractant could be used for column operation. The concentration of silicon and antimony in the composite was determined with an Atomic Absorption Spectrophotometer GBC 932 AB, equipped with an atomic emission facility supplied by GBC Scientific Equipments Australia.
Synthesis
385 g of TEOS, 350 ml of methanol and 133 ml of 0.1 Μ hydrochloric acid (made in distilled water) were mixed and stirred for about three hours to complete reaction. A stoichiometric amount of water i.e. 133 ml was poured drop wise with continuous stirring to 443 g of antimony pentachloride. A clear pale solution was obtained. The above two solutions were mixed in different proportions (in order to synthesize seven composites with estimated Si/Sb molar ratio from 0.17 to 2.66), stirred and left at room temperature overnight to form the various extractants. These extractants were first placed at 100°C in an oven for 24 hours to dry and then, in a furnace at 200°C for about 6 hours until all the fumes ceased to evolve. These samples were stored in a dessicator to cool down to a room temperature (25°C), then crushed and sieved to obtain an average particle size ranging 106 to 45μ. A 20g HAP was prepared according to a reported <712) procedure and then likewise treated for comparison. The dried samples were washed with distilled water in a soxhlet apparatus and then dried again in an oven at 120°C in order to get rid of moisture. The weight of the extractants before and after washing was measured in order to record the percent weight loss in the material.
Chemical Stability
For chemical stability measurements, a weighed amount of each composite extractant was repeatedly put in 10 ml standard solution of each of the respective material (water, 2M HN0 3 and 2M HCl) in which the performance of the composite was to be investigated and shaked mechanically overnight. The solution was filtered and the filtrate analyzed for antimony concentration by atomic absorption. The porosity characteristics of the composites were carried out on a mercury porosimeter ( Micoromeritics 9220). 
Distribution Coefficients
Flow characteristics
In order to compare the flow characteristic of the samples, 1.5g each of the extractant was loaded on to a glass column having an I.D. 0.5cm. The flow of the liquid to be passed was regulated by peristaltic pump on to the top of the column by teflon tubing for each extractant with a constant speed i.e. 2.8 ml/min. The resultant flow rate from the bottom of the column was recorder for each extractant at a time interval of one hour over a period of 12 hours.
Results and Discussion
During grinding of the samples, it was observed that the sample with higher antimony content in the composite are harder than those containing less antimony. This shows that the granular strength increases when increasing the concentration of antimony in the extractant. Similarly, there was a color change from sample to sample. The composites containing more antimony are yellowish and as the amount of antimony in the composite decrease, the yellowish color fades away. Washing of the extractants after synthesis, bring about an average of 2 % weight loss in the initial amount. This weight loss can be attributed to the random reaction between hydrolyzed tetraethoxysilane and that of the hydrolyzed antimony pentachloride. Apart from the regular assumed stoichiometric reaction between each component which is responsible for the regular main structure having Si-O-Sb bond, there is a possibility that molecules of each of the component instead may react with one another to form a backbone having Si-O-Si or Sb-O-Sb bond. Some of these molecules may not be attached to the main structure and hence come out during washing. The results of the test of chemical stability of the silicon antimonate extractants show that these sorbents are apparently stable in water, 2M HN0 3 and 2M HCl. The Atomic absorption gives negative results for the antimony in the filtrate. The elemental erosion of antimony from sorbent is out of the detectable limit of the Atomic Absorption and hence the sorbent can be considered as chemically stable in these conditions. The extractants can therefore be used in these chemical environments without suffering from deterioration.
The composition and characterization data of the synthesized sorbents are presented in tables I&II. The composition of the various silicon antimonate composites synthesised was monitored by determining silicone and antimony concentrations in the samples by atomic absorption spectrophotometry. The results now show that there is little difference in the Si/Sb molar ratio between estimated and measured values. The relatively higher observed value of Si/Sb ratio determined by A. A. Spectrophotometer for the composites as compared to that estimated on the basis of initial concentration of reactants used, can be related to the 2 % weight loss during washing. It seems that the hydrolyzed antimony pentachloride has a comparatively greater reactivity and hence some of molecule may condense with one another to form HAP which comes out during washing. Some of this may be responsible for the weight loss and also for the relatively higher observed Si/Sb molar ratio by A. A. The variation in the ratio of silicone to antimony in the extractant effects the morphology of the composites. This change in morphology is reflected both in density and porosity characteristic of the sorbents.
These sorbents show a regular and an expected variation in the physical properties such as porosity characteristic and density with change in composition (table II) . The density decreases with increase in the concentration of antimony in the composites (figl). Similarly, the porosity data show an increase with a decrease in the amount of antimony in the composite i.e the pore volume changes from 0.05 ml/g to 0.45 ml/g ( fig. 2) .
As antimony is the active component in the composite, the increase in its concentration enhances the uptake property of the metal ions. For alkali metal ions, this increase in the distribution coefficient K d is observed on a regular basis for all the metal ions. The change in the K d value with respect to change in Si/Sb molar ratio in sorbents for the alkali metal ions is shown in figure 3 . It is obvious from the graph that as the amount of the active component i.e. antimony, increases in the composite, the K d values (uptake capacity) for any alkali metals ion increases.
The observed sequence of the alkali metal ion uptake for the composite sorbents over the range studied is K + > Na + > Rb + > Cs + > Li + This sequence is different from that observed by Abe and coworkers (l4) for the HAP as well as that reported <15 l6) for the Sn/Sb composites. These results confirm the fact that combining Sb with any other metal in the composites not only changes the amount of the metal ion uptake, but also the preference with which the different metal ions are picked up by these composite extractants. Generally, the difference in the K d value (AK d ) between that for the sorbents having Si/Sb molar ratio 2.72 and 0.18 for each of the alkali
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metal ion increases in the same order as given above. This means that these extractants show greater sensitivity in the K d value with variation of antimony in the composite for selective ions such as Na and Κ as compared with that for the less selective ones i.e Li + and Cs + . 
Flow characteristics
In the case of flow measurement for HAP, the column choked immediately during loading which means that it is not only difficult to handle HAP but also impracticable to use it for column operation. This has already been pointed out in literature 1 ' 71 . In contrast, the composite extractants were found easy to handle due to the granular nature and interestingly, the flow rate of each of composite extractant remained almost constant over a period of twelve hours. Even the composite with a small amount of silane shows a good granular strength and hence does not show any choking problem. This means that these extractants can be used over a long period of time without suffering from choking problem. The flow rate varies with Si/Sb molar ratio of the composite extractant as shown in fig. 4 . It is clear that there is a linear relationship between the flow rate and the Si/Sb molar ratio of the composite extractant. 
Conclusions
The experiments carried out show the effectiveness of the dependence of the uptake of the amount of alkali metal ions on the amount of antimony in the composites. The distribution coefficient of the extractant shows a positive change with the concentration of the antimony in the composite. The flow characteristics of the composites prove that flow properties of the composite having even small amount of silane are much better and poses no problems of choking during column operation as compared to HAP. The present studies resulted in providing a guideline for the synthesis of composite extractants with a specific capacity for alkali metal ions and a particular flow characteristic.
The compromise between the capacity and flow characteristics helps in synthesizing a particular extractant that is suitable for metal ions present in waste solution. Due to the stability of the extractants in different chemical environments, these composites can be used for decontamination of water from these metal ions. The sorbent will be suitable for decontamination of natural water and radioactive waste from the alkali metal ions.
